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ABSTRACT

The MSFC view factor computer programs RAVFAC and

VUFACT have been and are being much used in Skylab thermal
analysis. Bellcomm has developed the subroutine EANCAL which
increases the utility of these two programs by eliminating
the need for any preliminary calculation of input parameters.
The usefulness of these two MSFC programs has been further
increased by incorporation of figure intersection and angular
orientation determination capabilities in EANCAL.

In general, when a figure or the plane of the figure
intersects another figure, different view factors exist from
either surface of the intersecting figure to the intersected
figure. For figures in general spatial orientations, the
occurrence of intersections and the consequent existence of
other view factors may not be readily detected from the figure
definition geometry. EANCAL now provides a diagnostic message
which alerts the program user when figures intersect and other
view factors thus exist. Output messages specifying the angu-
lar orientations of all pairs of non-spherical figures with
each other are also provided as an input data check.

Analysis developing the figure intersection and
angular orientation determination capabilities of EANCAL for the
various figure options in the two programs is presented. The
use of EANCAL with these capabilities is explained and a sub-
routine listing is provided.

(NASA-CR~121313) INCORPORATICN OF FIGURE N79-73162
INTERSECTION DETERMINATION CAEABILITY INTO

THE MSFC RAVFAC AND VUFACT VIEW FACTOCR

COMPUTER PROGRAMS ({Bellcomm, Inc.) 27 p Unclas

00/61 12087
,'.H LA (VAN WN W

2 (NASA QR OR TMX OR AD NUMBER) {CATEGORY) |
E b J

&




Bellcomm

date: August 5, 1971 955 L’Enfant Plaza North, S.W.
Washington, D. C. 20024

too Distribution
fom: J. W. Powers B71 08006
subjectt Incorporation of Figure Intersection
Determination Capability into the

MSFC RAVFAC and VUFACT View Factor
Computer Programs - Case 620

MEMORANDUM FOR FILE

1.0 INTRODUCTION

Subroutine EANCAL (Euler ANgle CALculation) was
developed bg Bellcomm to facilitate use of the MSFC RAVFAC (1)
and VUFACT(2) view factor computer programs which are much
used in Skylab thermal analysis. (3), (4 EANCAL performs all
the prerequisite calculations to prepare input for figures in
any general spatial orientation. The versatility of EANCAL
has been enhanced by the development of figure intersection
determination and figure orientation determination capabilities.
This memorandum describes the need for figure intersection
determination capability in view factor programs and presents
the analysis for this determination in RAVFAC and VUFACT. The
angular orientation determination capability between all pairs
of non-spherical surfaces is also developed as a check on
EANCAL input. A listing of EANCAL with these capabilities is
also provided.

1.1 COORDINATE SYSTEMS

The surface options available in RAVFAC and VUFACT and
the corresponding EANCAL defining points are shown in Figures 1,
2 and 3. With subroutine EANCAL these surfaces are defined in
some common central Cartesian coordinate system (CCS) by from
three to six points. Selection of the CCS is by the user based
upon how the surface elements of a particular configuration are
most simply defined.




EANCAL defines a local surface coordinate system (SCS)
as required for the two programs from the defining points for
each surface type (Figures 1, 2 and 3). The various SCS and the
listed equations which define the SCS parameters in terms of the
CCS points are in general unnecessary for the use of EANCAL.
These equations, which were developed in Reference (3), are
required in the figure intersection determination analysis.

2.0 NEED FOR FIGURE INTERSECTION DETERMINATION CAPABILITY

In general when a figure or the plane of the figure
intersects another figure, different view factors exist from
either surface of the intersecting figure to the intersected fig-
ure. For figures in general spatial orientations, the occurrence
of intersections and the consequent existence of other view fac-
tors may not be readily detected from the figure definition
geometry. If the computer program can alert the user by an appro-
priate output message when other view factors are possible,
spatial comprehension will be enhanced and fewer errors will result.
For less involved configurations when it is known that intersec-
tions occur or not, the presence or absence of the message serves
as an input data check.

With EANCAL the geometric visualization and calculation
required to prepare Euler angle input for RAVFAC and VUFACT is
eliminated. The ability to visualize the directions of normals
to plane figures, however, is still a prerequisite. In general,
if the incorrect active face direction of a fiqure is specified,
either no view factor or an incorrect view factor will result.

3.0 SURFACE ACTIVE FACE DEFINITION

Program input ILK defines both the figure type and the
active surface normal direction. ILK is a different integer for
each figure type prefixed by +/- for the active normal direction.
This input presents no visualization problem for three dimensional
surfaces of revolution since +/- ILK indicates that the outside/
inside surface is active. For plane figures +/- ILK indicates
that the active surface is in the direction of the +/- Z SCS axis.
When + ILK is called with the rectangle or triangle/trapezoid,
EANCAL positions the SCS + Z-axis in the direction of a right hand
rotation with respect to the figure vertices selected.

When the plane of a figure does not intersect the boundary
of another figure, a sign error in ILK from faulty geometric
visualization presents no problem other than having to rerun the
program with an input change. If the plane of the figure does
intersect another figure's boundary, however, an erroneous view
factor will probably result from an erroneous ILK sign.




Consider two plane figures of Area A and A, oriented
such that the plane of Al intersects figure AZ’ Let the line
of intersection divide A, into segments of area A, and A,. The
sign of ILK for figure A, can in general cause either of two

different view factors to be calculated by the program. For one
sign of ILK the view factor from A1 to A3 is determined, while the

other sign of ILK yields the view factor from A, to A,.

4.0 INTERSECTION ANALYSIS

To determine if intersections occur within any figure
boundaries, the planes of all planar figures (j-systems) are
established in the SCS of all the other figures (i-systems).

These j-system planes are established by determining their inter-
cepts on the axes of the i-system figure SCS. An intersection

of interest occurs if the j-system plane and the i-system figure
equations have a real solution within the i-system surface boundary.
If two planar figures are considered and if the j-system plane

does not intersect the i-system surface, the possible inter-
section of the i-system plane with the j-system surface must also
be investigated.

Only the intersections of plane figures with other fig-
ures will be considered. There should be minimum confusion with
intersections of three dimensional figures because +/-ILK refer
to the outside/inside surfaces.

4.1 NUMBER OF INTERSECTION AND ANGULAR ORIENTATION DETERMINATIONS

If a particular geometric configuration consists of a
large number of figure elements including planar surfaces, many
determinations for possible intersections will be made. This
section considers the number of figure intersection tests and the
number of figure orientation determinations made by EANCAL.

In a geometric system of N figures of which M are plane
figures (2<M<N), the number of pairs of figures to be considered
for possible intersections is M(N-1)-Q. Integer Q is >0 depending
upon both the number of intersections between plane figures of a
system and at what phase of the search these intersections are
found. If the planes of surfaces 1 and 2 of the M plane surfaces
in a geometric system intersect surface M in the first tests con-
ducted, the plane of surface M cannot intersect surfaces 1 and 2,
thus Q=2. If the tests to determine if the plane of surface M




intersects surfaces 1 and 2 were conducted first, no intersec-
tions would be found and the tests to determine if the planes of
surfaces 1 and 2 intersect surface M would have to be conducted,
thus Q=0.

Messages specifying the angular orientations of all
pairs of figures with respect to each other excluding spherical
surfaces are also provided to facilitate checking figure defini-
tion input. The total number of these messages in a system of
N figures of which S are spherical surfaces is (N-S) (N-S-1)/2.

4.2 DETERMINATION OF THE j-SYSTEM PLANE INTERCEPTS IN THE i-SYSTEM

All figures are defined by from three to six points Pg

which have CCS rectangular coordinates Xg,Yg,Zg and a position

vector fg from the CCS origin to the point. For a particular

figure pair consisting of i and j-system figures, the coordinates
of the j-system figure are referred to the i-system SCS by

X. X.-X
i j 1
Y.’ = Ti Yj—Yl , (1)
Z; zj-z1

Ti is (1) of Reference (3) using the direction cosines for the

particular type of i-system figure and Xj,Yj,Zj are the CCS

coordinates of three points defining the j-system figure plane.
T, is the coordinate transformation for each i-system figure which

rotates the CCS into angular correspondence with each respective
SCS via the required Euler angle sequence and directions. Xl’Yl’

Zl are the CCS coordinates of Py the origin of each respective

i-system figure to be tested for intersection with all the plane
figures of the system. In the following analysis, all coordinate
subscripts refer to j-system CCS points in the i-system SCS after
transformation by (1).

The j-system plane defined by points P which are
. . 1,2,3
not colinear is

X Y Z 1
Xl Y1 Z1 1 - o
X2 Y2 ZZ 1
X3 Y3 Z3 1




After expansion by minors and co-factors,

Y1 Z Zl X1 X1 Yl 1 X Yl Zl
X Y2 22 +Y Z2 X2 +2 X2 Y2 1l ]= X Y2 Z , (2)
Y3 23 Z3 X3 X3 Y3 1 X Y3 Z
If A,B,C and D are substituted for the determinants in (2), the
equation of the j-system plane in the i~system is
AX + BY + CZ2 = D, (22)
The intercept form of the equation of a plane is
X/a + ¥/b + Z/c =1, (3)

where the intercepts are determined from the j-system coordinates
after transformation by (1). If the corresponding coefficients
of (2A) and (3) are compared, the intercepts a,b, and ¢, of the
j-system plane on the SCS i-system X,Y, and Z axes are

a=D/A, b=D/B, c=C/D

Special cases occur when the j-system plane is either
perpendicular to a SCS i-system axis or is parallel to a SCS axis.
These special cases occur when any one or any two of the j-system
plane intercepts are infinite, which are indicated by the respec-
tive X,Y, and Z determinant coefficients in (2A) being zero. If
one intercept is infinite, the j-system plane is parallel to the
SCS—-axis corresponding to the infinite intercept. If two inter-
cepts are infinite, the j-system plane is perpendicular to the SCS
i-system axis corresponding to the finite intercept.

A special case of particular interest occurs when the
i-system figure is also a plane surface and is coplanar with the
j-system figure. For this geometry with both plane figures in
the i-system SCS X-Y plane, A=B=D=0, and no view factors exist
between the two coplanar figures.

Additional special cases occur when one or two of the
determinant coefficients A,B and C are zero and coefficient D is
also zero. The following tabulation of all j-system plane orien-
tations with respect to the i-system SCS relates position and finite
intercepts to zero and non-zero magnitudes of the four determinant
coefficients of (23).



Finite SCS
Determinant j-system plane orientation axes
coefficients in i-system SCS intercepts
A,B,C and D # O general orientation a,b,c
Band C = 0O perpendicular to xi-axis a
A and C =0 perpendicular to Yi-axis b
A and B =0 perpendicular to Zi-axis c
A=0 parallel to Xi-axis b,c
B=20 parallel to Yi—axis a,c
cC=0 parallel to Zi axis a,b
B,C and D = O Y,~Z, plane a=o
A,C and D = O Xi-Zi plane b=o
A,B and D=0 xi-Yi plane c =0
A and D.= 0 contains Xi-axis b=c¢c=o0
Band D=0 contains Yi-axis a=c=o0
Cand D =0 contains Zi-axis a=bz=o0

In EANCAL the four determinants of (2A) are calculated
and one of the 13 cases listed above is established. Since the
intersection geometry is most involved for the general case of
all non-zero determinants, only this analysis is presented. The
other special case results are readily obtained from the general
analysis. '

In (2) the CCS points Pl 2.3 shown in Figure 1 define
14 14

the plane of the triangle/trapezoid. For the rectangle and the

disc, also shown in the same figure, the corresponding points which

define the two figure planes are Py 24 and P 6.3 Disc point Pey
. ’ 14 ’ 14

on the outside diameter at the SCS X-axis is not an EANCAL input
but is used to define a third point in the disc plane for use in
(2). The coordinates of P in terms of the disc input CCS coordin-

ates are calculated in EANCAL.



4.3 PLANE FIGURE INTERSECTIONS

If the surface to be tested for intersection is a plane
figure, it lies in the SCS i-system X-Y plane (Figure 1l). 1In
this plane the trace of the j-system plane is the line X/a + Y/b=1l.
Intersection occurs when the simultaneous solution of this line
and the i-system defining equatlon yields roots on the i-system
figure boundary. The intersection criteria are determined from
the SCS parameters in terms of the CCS coordinates and the j-system
plane intercepts. The SCS parameters in Figures 1,2 and 3 are sur-
face dimensions and angles. Since the magnitudes of these are
invariant with coordinate system transformations, the i-figure CCS
coordinates which define the SCS parameters do not require
transformation.

4.3.1 RECTANGLE

The rectangle is deflned by the boundaries xi=Ymax’Yi=BmaX

and the SCS xi and Yi axes. No intersection occurs if a and b are

both <0. Intersection will occur for any of the following
conditions

>a>o,where vy

Ymax

max

Bnax” P>OrWhere Bmax=|r4—r1|

a

4.3.2 DISC
The distance from the i-system origin to the line of the

j-system plane in the i-system X-Y plane is ab//Va2+b2. Since the

disc radius is 8 ax’ the condition for intersection with a complete
disc is

|ab|/“a +b2, where By r

Brnax” =Ix T3 rlI

If the disc is a partial surface of revolution (y <360°, Figure 1),
the intersection determination will be for the compfete flgure as
discussed in Section 4.4.



4.3.3 TRIANGLE/TRAPEZOID

For this class of figures the line of intersection of
the i and j-system X-Y planes in the i-system is solved with
the equations of the lines P1P2 and P1P3. These lines, which

define the figure sides, intersect at Pys the SCS origin:

Pl 27 Y=m2X,wher§ m2=Y2/x2 l/tanymax

Pl 37 Y=m3x,where m3=Y3/x3 = l/tanymin

Solving each of the line equations with the trace of the j-system
plane in the X,-Y, plane yields

Yi = ab/(btaﬁy +a)

max, min ’

where vy and Yhin refer respectively to lines P1P2 and P.P

max 1737
Intersection of the triangle/trapezoid and the j-system plane
occurs with either of the two following conditions

> . , trapezoid
B x>ab/(b tany min

+a)
ma

max,min >0, triangle

4.4 THREE-DIMENSIONAL FIGURE INTERSECTIONS

The analysis for intersections of the j-system plane
with three-dimensional rather than planar i-system figures is
more involved because intersections are not limited to the Xi—Yi

plane. In this analysis any i-system figures that are surfaces

of revolution are assumed to be complete figures. If the i~-system
figure is a partial surface of revolution, the possible intersec-
tion will be determined as for a complete surface of revolution.
When the partial surface is not intersected but the total surface
is, the program yields the intersection message. This case can be
detected by rerunning the example with the other ILK value for

the planar figure, which will yield no view factor.



The distance p from the SCS i-system origin to the
j-system plane in the i-system with intercepts a,b and ¢ is

|abe | Niab) 2+ (ac) 2+ (be) 2

Consider the plane defined by p and the SCS Zi-axis. Let the
intersection of this plane and the SCS X -Y plane define the

X* direction.’ The trace of the j- system plane in the X*- Z
plane is the 1line

—x+ A

ab c

- \/a§+b2

=1, (4)

Intersections of the j-system plane with three-dimensional figqures
exist when (4) and the equation of the trace of the figure of
interest in the X*- Zi plane yield real roots which are on the

i-system surface boundary.
4.4.1 SPHERE

Intersection of this figure and the plane occurs when
the sphere radius 1is greater than the distance p from the i- system
origin to the j-system plane in the i-system. Since the radius is

|r2 l| =a, the condition for intersection with a complete sphere
is a>p.

4.4.2 RIGHT CIRCULAR CYLINDER, RIGHT CIRCULAR CONE AND RIGHT
CIRCULAR PARABOLOID

These three i-system surfaces of revolution are conven-
iently considered together because their axes are the SCS Zi-axis.

For altitude H and base radius R, the traces of the surfaces in
the X*—Zi plane for X*>0 are

X* = R, cylinder, : (5)
2. = HX*/R, cone
1 2,2
= HX*“/R%, paraboloid

t+ The j-system plane and the X*-Z plane geometry in the SCS
i-system are shown in Figure 4.

L )



_10_

An intersection of the j~system plane with any of (5)

will occur when o<c<H/(1-RV), where V = VB2+b2 /qab . For values

of c<o, possible intersections are determined from the simul-
taneous solution of (4) and (5) for Zi or X*. If the resultant Zi

is <H or X* is<R, intersection of the j-system plane with the

i-system complete surface of revolution occurs. The conditions
for intersection of the j-system plane with the respective three-
dimensional figures of revolution in terms of the figure dimen-
sions and plane intercepts are

1/V<R, cylinder

o<[l/(1/c+RV/H) 1< H, cone

2
{- E%%— (l—W/Z;4H/cV2R2)]< R, paraboloid

where
H = |Ez-fl|
R = |E3—fl|, cylinder
R = |r3-r2|, cone and paraboloid

4.4.3 RECTANGULAR PRISM

The geometry for intersection of this figure is more
involved than for the other three-dimensional figures because it
is not symmetrically positioned with respect to the z; axis. As

in Section 4.4.2,the cross section of the figure and the trace of
the j-system plane are considered in the X*—Zi plane. The j-plane

intersection of the prism, however, is not limited to the cross
section of the figure in the X*—Zi plane. The intersection may

also occur along the projected view of the figure as observed nor-
mal to the X*--Zi plane. This triangle shaped intersection, not in



_ll_

the X*-Zi plane, is shown by points P in Figure 5. The

I,J,K
geometry for intersection determination when a, b and c are
all >0 is shown in Figure 5. The two parts of this figure
show true views respectively of the Xi—Yi and X*—Zi planes rela-

tive to the rectangular prism orientation.
The projected figure dimension d measured from the SCS

origin in the +X* direction in (4) determines the Z; which
establishes if intersection occurs.

_ 2 2
da = (aBmax + meax)/ a’ +b

The criterion for intersection referred to the figure
altitude (a) for a, b, and c all >0 is a>Z. >0 which in terms of
the parameters of the system is

Y B
a>c(l - m:x - mﬁx ) >0
Y and B are defined in terms of the CCS coordinates as for
max max _
the rectangle and o = Lg-ry .

The criteria for intersection when not all of the j-plane
intercepts are >0 must also be considered. The following table
tabulates the intersection criteria for the rectangular prism with
the eight possible sign combinations with non-zero, finite intercepts.

a + - - + + -
b - + - + + -
c + or -} + or - - - + +
Criteria
for d> a>
Inter- Y >a |B >b no Y 8
. . a max
section max max inter- Vri;é%ﬁ c(l- max - 5 )| a>c
section|¥a“+b

The first two criteria columns are those for the intersection of the
j-system plane with an i-system rectangle, (the rectangular prism
lower base) for b or a <O.
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4.5 EANCAL INPUT

Input to RAVFAC and VUFACT using EANCAL with the figure
intersection determination capability is as described in Section
3.0 of Reference 4, except that the total number of figures in a
given configuration must be specified. 1Integer ITNS is the total
number of figures in the configuration and is added to the second
surface input card of the first input figure. ITNS is right
adjusted in columns 18-20 following program variable N.

4.6 FIGURE INTERSECTION MESSAGE

If any surface in a particular geometric configuration
is intersected by the plane of a planar figure, the following
message will be printed in the input data summary of the last fig-
ure in the configuration.

@@@ THE PLANE OF SURFACE j INTERSECTS SURFACE i.

@@@ ANOTHER VIEW FACTOR FROM SURFACE j to SURFACE
i MAY BE OBTAINED BY USING THE OTHER VALUE OF
ILK WITH SURFACE j.

In the above message i and j are the surface identifica-
tion numbers (ISF) assigned to the respective figures involved.
Only plane figures will occur as j while all types of surfaces can
occur as i. If more than one intersection occurs, the message
will be repeated in the last figure's data summary for all pairs
of figures involved.

5.0 ORIENTATION OF FIGURES WITH RESPECT TO EACH OTHER

With EANCAL the need for spatial visualization to deter-
mine Euler angles and other input parameters is eliminated. As
discussed in Sections 2.0 and 3.0, the ability to visualize the
active face direction when one figure or its plane intersects
another figure is a prerequisite to obtaining correct view factors
both with and without EANCAL. Obtaining correct view factors with
EANCAL is strongly dependent upon inputing the correct figure
coordinates. For a configuration geometry with many elements,
there will be a large number of coordinates with many attendant
chances for input error.

To further facilitate visualization of figure elements
and to help check program input, EANCAL also yields several
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different kinds of fiqure orientation messages. These messages
occur independently of the intersection message of section 4.6
and are described in the following sections.

5.1 ORIENTATIONS OF PLANE FIGURES WITH RESPECT TO OTHER PLANE
FIGURES

With an i-system plane figure, zero values of one or
two of the coefficients A,B, or C of the j-system plane indicate
either parallism or perpendicularity between the particular pair
of plane figure elements. If A,B, and C are all finite and #O,
the i and j-system planes are skewed.

If the planes of the i and j-systems are skewed, know-
ing the included angle may also be of value to check the program
input. The angle between the active faces of two planar figures
is found by considering_the determinant coefficients of (2a).
The unit normal vector M to the j-system plane active face for
ILK in terms of these coefficients is

M= (Al + BJ + c}-c)/VA2+132+c2

The unit normal to the i-system plane active face in its SCS for
+ILK is along the Zi-axis. Since the angle between the planes

is equal to the angle 8, between their respective active face

normals,
® = cos™ 1 (c/ \/A2+B2+Cz)

For j-figures with intersecting planes and -ILK values, the angle
between the normals to the active faces of the two planes is 180-6.

For configurations with two or more plane figures, the
following message will be listed for each pair of plane figures
in the input data summary of the last figure in the configuration.

*** THE ANGLE BETWEEN THE ACTIVE FACES OF THE
PLANES OF FIGURES AND IS
DEG. FOR +ILK VALUES.
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5.2 ORIENTATIONS OF NON-PLANAR FIGURES

The axes of the cylinder, cone and parabloid and one
of the prism edges are specified by their respective CCS vectors

Ez-fl. If a geometric system of interest contains figures u and

v of these types, the included angle, ©, between their respective axes,
axis and edge, or edges is

-1 (Ry=X9) g (X=X ) (Y=Y, ) (Yo=Y ) o+ (25-24) , (25-2,)
© = cos ————
'\ﬁx %) 24 (0, -¥ ) 24 (2,-2,) 2(%,-X ) 24 (1, =¥ ) 24 (2,-2.) 2
2 71%u 2 "1'u 2 "1°u 2 "1'v 2 1'v 2 1'v &

where CCS coordinates are used for both figures.

For configurations with two or more non-spherical three-
dimensional figures, one of the following messages that is appro-
priate will be listed for each pair of figures in the input data
summary of the last figure in the configuration.

*** THE ANGLE BETWEEN THE AXES OF FIGURES
AND IS DEG.

*** THE ANGLE BETWEEN THE AXIS OF FIGURE
AND THE EDGE OF PRISM DEFINED BY
POINTS Pl AND P2 DEG.

*** THE ANGLE BETWEEN THE EDGES OF PRISMS
AND WHICH ARE DEFINED BY THEIR
RESPECTIVE POINTS Pl AND P2 IS DEG.

5.3 ORIENTATIONS OF PLANE FIGURES WITH NON-PLANAR FIGURES

If one of the figures is a plane figure and the other is
neither a plane figure nor a sphere, the angle, 8, between the

unit normal M to the plane active face for +ILK and the other
figure axis or edge is as listed in Section 5.1 This is a
consequence of the figure axis or edge 31P5 being along the 2z,

SCS axis.of the non-planar figure of the pair. If -ILK is used for
the plane figure, the corresponding angle is 180-6.
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The appropriate one of the following messages will be

listed in the input data summary of the last figure in the
configuration.

*** THE ANGLE BETWEEN THE ACTIVE FACE OF THE

PLANE OF FIGURE FOR +ILK AND THE
AXIS OF FIGURE IS DEG.

*** THE ANGLE BETWEEN THE ACTIVE FACE OF THE
PLANE OF FIGURE FOR +ILK AND THE
EDGE O¥ PRISM DEFINED BY POINTS Pl
AND P5 IS DEG.

6.0 EANCAL SUBROUTINE LISTING

Figure 6 is a listing of EANCAL with the intersection
determination and orientation determination capabilities.

7.0 ACKNOWLEDGEMENT

Miss L. K. Hawkins incorporated the figure intersection
and figure orientation determination capabilities into EANCAL.
Her programming of these additional capabilities is appreciated.

"I W e

1022-gwpP-tla J. W. Powers

Attachments
Figures 1 - 6



REFERENCES

User's Manual for 'RAVFAC', A Radiation View Factor Digital
Computer Program, Lovin, J. K., Lubkowitz, A. W., Lockheed

Missiles and Space Co., NASA Contractor Report CR-6132,
Nov. 1969,

User's Manual Lockheed Orbital Heat Rate Package (LOHARP),
Lovin, J. K., Spradley, L. W., Lockheed Missiles & Space
Co., Huntsville Research & Engineering Center, Huntsville
Research Park, Ala., April 1970.

Powers, J. W., Analysis to Facilitate Use of the MSFC RAVFAC
and VUFACT View Factor Programs, Bellcomm Memorandum for
File, " March 31, 1971 - Case 620.

Hawkins, L. K., Powers, J. W., Subroutine EANCAL to Facilitate
Use of the MSFC RAVFAC and VUFACT View Factor Computer
Programs, Bellcomm Memorandum for File, June 18, 1971 - Case
620.




Surface Type * |, Rectangle
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FIGURE 1 - SURFACE TYPES AND THEIR COORDINATE SYSTEMS




Surface Type * 4, Cylinder Lateral Surface

Surface Type + 6, Sphere
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FIGURE 2 - SURFACE TYPES AND THEIR COORDINATE SYSTEMS




Surface Type t 7, Circular Paraboloid

o = l?a __;‘2|2/4|?2 - FI |

Bmin =Its — 1l
i}

Bmax =2 — 1l

=0

= 2sin"! ([Tq —T31/21T5 —121)

Tmin
Tmax
v, 0<7Ymax <360°

Surface Type * 15 or t 16, Rectangular Prism ®

a =15 — 1|

Bmin = Ymin =0
/ Ymax

e R
|
|
|
o
F -
<

Bmax =Ifa — 1l

7max = |F2 - F-ll P2 - Bmaxi

* Type 16 Surface Has Open Face in X; — Y; Plane

FIGURE 3 - SURFACE TYPES AND THEIR COORDINATE SYSTEMS



Axis of i-System Z;
Disc, Cylinder, Cone, 4
Sphere, and Paraboloid —_—

_ {Plane of j-System
Xfa+Y/bo+Z/e= 1o re in iSystem

Line of j-System
* 27 1 h2 =
X a® +b% fab+ Z/c 1{Plane in X*»Zi Plane

Plane (Xi_Yi) of i-System
Rectangle, Disc, Trapezoid,
and Triangle

FIGURE 4 - ORIENTATION OF j-SYSTEM PLANE IN COORDINATE SYSTEM OF
i-SYSTEM FIGURE, a, b, AND ¢ >0




- t o
Zi "’——‘Bmux—_—)’l —| .Y,
e

ntersection of j-System Plane and Prism

Intersection of X*——Zi Plane and Prism

—_—

True View of X* — Zi Plane

FIGURE 5 - ORIENTATION OF i-SYSTEM RECTANGULAR PRISM AND INTERSECTING
j-SYSTEM PLANE, a, b, and ¢ >0
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SLERCLTINE EANCAL(Pr1,FSIvCVEGAYISF»ITAS)

LeKe FAWKINS

SUBRCUTINE EANCAL WITH FIGLRE INTERSECTICN ANC FICGLRE
CRIELTATICN CETEKMINATION CAPARILIVIES

SUBKCLTINE EANCAL IS LSED TC CALCULATE THE INPLT FCR
KAVFAC/VLFACT FOrR ThE VARICLS FIGURE TYFES

REAU CATA CAKD CCPTAINING FIGURE TYPE ANL CIRECTICHN CF
ACT1vE NCRVAL OF SLRFACE
CARLS FCLLCAING wITh XeYrZ CCCRCINATES FLR THAT FIGULRE
TYPL (N).

CCMMON/LCCS/TIL(LE0) pTI2€150) o TIZ(1S0Y e TYI(150) #TuE (1500 ¢ TL2(150)
et TKICLEC) o TKE (150} o TRE(1SU) s kX (150D »RY (150) rR2(1S0)

COMMUN/LINT/Zpb INCLEUD 94PVAX(150) ¢ GVINC1G0)4GNAX(1E0) ¢ A(1S0 ¢ [LK (LS
2U)PKSLL1EU) o NSHFALE(15U) sNSH»TECRADSFIFI2

CINVERSION X1(1S0)eX2(150)»X301S0) 1 X4(1EQ) »X6(150)
o Y10150)9Y20150) rY2{1E0) oYU {150)»YE(LIEN) » 2101200
o 2201501 e220150U) 1 Z4{1C0) v 2€(150)P11{150)P12(150)

« FI201S0)F21(150) P22(150)eF25(150)+F31(150),P32(1C0),
o« FE3CIE0) oRULEU) o (150) e ISAVE (LSO P ASAVE (150) » ILSAV(1S0)
CIVMENSIUN
CIMENSTIGR
CIMENSICN
CINENSICH
CINVENSICN

REAL CMEGA
11=

RTGL=.572957¢0E02
IF(RSWMELL)Y GG TC 9958
KEAG(E»1G) ILKINS) sNP TTNS
6C T¢ 6997
REAL(Se2e5)

CZe3)rvi(c) s AD(Ze3)oBD(3r2)CLL203) 0l
Xto)eYUE)rZ(E)
SAL{S0)rSx2(50) +SX3(50) eSXU{S0) s SXS(S0) rSX6(50)
SYL(H0) eSY2(S0) rSYZ(E0) rSYU(SG) e SYE(S0) v SYEIEQ)
S£1(E0)¢82L(50),S23(50)+SZ4(S0)eSZS(E0)+S2€(50)

ILK(NS) o
INITJ1ALIZATICN

CC 1 L=lse
x{L)=n.
YiLy=u.
2{L)=0.

IF (ILKIRS)) 4rSE

LLKZ=ILK(NS)

[ T

LLRSILK(NS)

GO TCU70ErGr11el2e1402802020202020292017¢23)0LLK

REAL R CAKLS CCRIRAINING THE FCINT NUMEPER (NF) ARL
THE CCCRCINATES (X(NP)oY(NF)rZ(NP))e THE LFFER
LINIT CF *I' CEPENCING CN THE TYPE CF FICGLRE

wh1TE(E21€0)

CC 2 I=1eh

KEAL(Ze2U) NEPXINE) 1Y INP) 9 2URE)
IFINPLEG L H) LFGz

IF(NP,EC.S) LF
IF(KNF Gl €) LF
IF(NPGCT20ANC LY (I)eEG49¢E,) €C TC PL
WRITE (€0220) 1PIX(NF)eY{ILF) 1 Z(NF)

GC TG ee

WHITE(E2170) RPIX(NF)
IFINF(EG UG ANC oY (4) 4EG4SCS.) WRITELEr130)
IF(LLKLEG 1S, CRALKEGL1E) GO TC 84

IF (NP EGSLANLY(E)4EG495C.) WRITE(E»200)
€C T¢ &5

IFANFOEGLS,ANLWY(E)4EG.9LR.) WRITE(Er21E)}
IFINFGEG.EGANL Y (E) o GaSSTs) WRITE(E1210)
CCONTINLE

ALZSLRT AN (D) =X (1)) 424 (Y (5)=Y (1)) 4#2+(Z(5)=2(1))%»2)
GRTCOXCAI =R (1)) #224 0¥ (6= (1)) a2+ (Z(0)=2{1))»22}
GRTCIXES =X {21 ) #2024 (Y(Z) =Y (2)) %424 (2(3)=2(2) ) %2}
GRTCEXC3) =X (1)) #9224 (Y(2)=Y (1)) #4424 (2(3)=Z(1))%*2)
SSERTUIXIL) =X (1)) #4224 (Y(2)=Y (1)) 4224 (2(2)=2(1))492)
GRTUIX(4) =X (2) ) o824 (Y U)=Y(2))#424(2(1)=2(3))%%2)
GRTITAX{D)=X(2))#82+(Y(5)=Y(2) ) #324(2(S)=2(2))*%2)
ESSGRTLAX(E)=X(2) 19324 (YLE)=Y(2))}#224(Z(6)=2(2))%*2)

cecccceco

CRIGIN ©F SCS FOW ALL FIGLRE TYPES
ARE THE CCCRLINATES CF PCINT P1

RX{RS)=X (1}
RY{NS)IZY (1)
RZINS)Z2(1)

GC TCLZLe720 79724 7407S076929292029232029189 183 5LLK

SLRFACE TYPE 1sRFCTANGLE

whITE(€r30)
GC T¢ 100

SCS LEFINING PARAMETEKS FCR RFECTAMNGLE

ALRS)=0.
EMINCRS .
EMAX(NS)I=CL
GVMIN{RS
EVAXING)=LE

DIRCCTICN CCSINES FCR RECTANGLE

ESGMAXINSY
C=pHNMAX(NS)

FLILINS)Z (X () =X(1)) /8
FI2INS)Z(Y(2)=Y (1)) /E
2ley=z(11) /0
X{4)=x111)/C
Tlay=y(1))/¢C
Zl4y-211))/¢C
PELINS)SHAY () my (1) )3 (2(8)=2(1))=(Z2(2)=2(1) )3 (Y (4)~Y(1) )}/ (ReC)
FI2INSIZL(2Ue)=2¢1) ) o (X (41 =X (1)) =(X{2)=X (1)) #(2Z{4)=2(1)))/ (&*C)
FITINSIZUAX L) =X (1)) (Y (4D =Y (1) )= (YL2)=Y (1) #{X (W) =X{1)))/(p*C)

€C TCc 9%

(FLLS CR MINLS ILK) ANC RUNUER CF

ITHS=THE TCTAL NULMPER OF SULRFACES IN THE SYSTEWM

anoa
>

21l
*CLAGKCSTIO*
zlyse
*LIAGLCSTICS
Elte

cles

ZiFr

Zlbxs
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Celis C
221 C
2cc c
Zels

ceha

cete
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ceb¥
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FIGURE 6 - EANCAL LISTING

SLRFACE TYPE 2+TISC

WHITE(6040)

€C T¢ 100

$CS LEFINING PARANETEKS FCR CISC
IF(LPU,EG.0) GC TC 2¢
IF(LEH.E G eARD.YIW) ,FGLESS.) GC TC 22

GNAX(NS)=2.4aSINILU/(2,%L2) ) #RTCE
cC TU 24

GNAX(NS) =260,

GL TC 24

GVAXAINS}=X(4)

ANE)SU

L EGa0) €C TC 27

b GolorhLY1E) JEGLHSET.) &C TC I
BMININS)ZAL

GL TC 2¢

EMINILS) =0,

cC TC 39

ENMININS)=X(S)

ExAXINS)ZL2

CMININS)=0.

FhSIZL2
FILONSISCY(2)=Y (1))} #2000 =200))=(2(2)=2{1)){Y(Z)}~Y(1)))/
(R (ARSI 2-{NS})

FL1ZAnSI= (2031 =2010 ) (X (2 =X (1) )= {X{3) =X (1) )*{Z(2)=2(1)))/

(hINS)AE(NS D)

FLZANSIZCIX (2 =X (1)) (Y {ZI=Y (1))=Y (2)=Y{1) )4 (X(2)=X{1)))/
(RERS)I 2 (NS))

IF(X{4)sEGeUa) GC TC 2P

AIGZOX () =X (L)Y aF1LERSI4 (Y (4)=Y (1)) #F12(RSI4(2(4)=2(1))*
F13{NnS)

1IF(Xfu.Te00) GUAXINSIZIEN.=GNAXINE)
FZline)z(x{2)=X{1}}/k (NS}

FeZ INS)S{Y(2)=Y(11)/K(NS)

FednG)st2(21=2(1))1/n(NS)
FIlihs X(ed=X(1)}/F(NS)
Fl2(hs YU)=Y {11}/ (NS)
FIZNSIZ(2Z(EI=2(1) /P INS)
€ Tu 49

SUKRFACE TYFE  3»THIANCLE CR TRAFEZCIC

IFAX L) s CaU e a ANE Y () EC. D AND, 2 0l) (EG. D) €O TQ 21
WEITE(€rE0)

cC 16 100

HhITL(EeSN0)

6C TL 100

CRIGIh CF SCS FCk TKAFEZCIC
CCCHLILATES CF PCINT P1 ARE CALCULATEC
TIF(RLU) b GoUes ARC oY (4} JEC. 04 o ANCL2(4) (EG.D.) GC TC 22
XLTOX(u)=Xx{2))/Lh
XNZ (Y (4)=Y{3I))/LG
ANT(L{u)=202) /04
T=Ax(S)=x(2)3/L5
LY (8)=Y(2))/L5
VIS EZ(5)=-21d))/LE
XOIIZOY (L) =Y () 4 {XV/AL) # X (U)=(L/TIAX(S) }/(XNM/XL-L/T)
Ka(NSYZX (1)
YOS (RS =X U) $(XL/XV) oY (@) =(T/LI V() )/ (XL/XN=T/L)
RY(RS)I=Y (1)
ZE1IZOYLS =Y (4 + (XV/XE)*2 (B} =(L/NT)#Z(S))/ IXM/XN=L/VT)
RZNSY=Z (1)
LETSCRTOIXTE) =X L) 4224 0Y(3) =Y (1)) #424(2(3)=2(1))%42)
LIZSORTUIRE2I=XT1) I 4424 01Y12) =Y (1)) ##2+12(2)-2111)%32)
CLTSGHTOIX(4)=X (1) 1424 {YI4)=Y(1))#224(2(U)=2(1))%22)

SCS LEFINING PARANETERS FCR TRIANGLE AMC ThAFE2CIC

CCNTINLE
TEETAIZACCSLUEX () =X U1 (X(23=X(11)+(Y(3)=Y(1))»

s Y2 =Y I L3I =201 ) # 12 12)=2(1) 1)/ (Lew3))

SINTHFIZSINGTRETALY
TRETAZZACCSUIIX(2) =X {21 ¢ {X{3)=Xx (1) )+ (X {3)=Y(2))}»

o (YC2)=Y (1)) HLZ(2)=2())*(Z2(3)=2(1)))/(L1sU2))

CSINTR2ZSINGIELTAZ)

Trt TesT FCR EGUALITY PETwFEN ACL-INTEAEKS MAY ACT EE VEANINGFLL.
IF(X{8) oL GeUs o ARL oY (4) ECs 00 ANC Z(H)EG.D.) BVINIAS}ZO,

Tre TeST FCR LGLALITY ©ETeLEN NCA=INTECERS MAY NCT BE MEANINGFLL.
TFUX(U) s P EeUeeCRY(U) JMNELOWeCRaZ(UI eAFal,) EVMININS)ITCUSSINTES
AlNS)=ZU.

EVAXINS)ZL24SINTES
CVIN(NG)ZTHLTA3*RTCL =0,
CVMAXINS)ZTHLTALSRTCL+THETAZ2RTICO-90.

LIReCTICN CCSINES FOR TRIANGLE AND TRAPEZCIC

IRXZAAY (=Y (1)) (203)=2(1))=(2(2)=201) 1 (Y (2)=Y 1))}/ (L24L2*SINT
1)

ARYS ({2020 =2 0113 (X3 =X (1)) =(X(2) =X 1)) #(2(2)=2(12) )/ (L2*L24SINT
k1)

XNZZ (X2 =A ()} 0Y (3= (1))=Y (2)=Y 1)) #(X{2)=X(1)))/{L2#LI*SINT
ot 1)

FITIRS) == (X2} =X(2)) /01

Fledng)z=(Y{a)=Y(2) /01

F12{NS)z=(2(2}=20(2)) /701

FSIINSIZTUXRY*(2(2)=2(3)}=XNZ#(Y(2)=Y({3))} /L]

FEZINS)IZXNZAIX(2)=X(2))=XAX*(2Z(2}=2(3))) /L1
CEARR LY () =Y (2))=XNY#(X{(2)=Xx(2))) /UL

SURFACE TYPE 4+kIGHT CIRCLLAR CYLINLER
WKITe (€2 70)
GC TG 160
A{NS)zLE
EVININS)=0.
EVMAX(RS) L2
GVININS) =0,

IF(LFU,EC.0) 6C TC 4l

THE TEST FCR EGUALITY BHETWEEN NCA=INTEGERS MAY NOT EE MEAMINGFLL.
IF(LF4 b GeloARCLYIU) JEGeSSSe) GC TC 42
GVAX(KS)=24#ASINILUZ(2.%L2) }4RTCE
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cC TG u3
GNAXINS)=Z€&0.
GC Tu 43
CMAXINS)IZX(4)
CCRTINLE
¢C 16 1z

SURFACE TYFE SekIGHT CIRCULLAR CONE
wieITe (6000)
GC Tu 10U

SCS LEFTINING PARAMETERS FCR RIGHT CIRCULAR CCNE

ACRSIZATANZ (LLPG3) eRTCE

IF(LPY,LGC.0) CC TC uu

THE TEST FCR EGUALITY LETWEEN NCN=-INTEGERS MAY NCT BE MEANTAGFLL
IF(LFUEGe1oARC.Y(4) sFB.GGG4) GC TC 44
CVAXINS)Z243ASTIN(LE/(2,%L1) ) #RTOC

G Tuv w7

CMAXNINS)Z 26U,

GC T¢ u7

CMAX(NS)EX(4)

CCOMNTARLE

IF{LFnet 6o0) O TC 4&
THE 1 FCR LULALITY 3ETRFEN NCA=INTEGERS MAY KCT gE MEANINGFLL
IF PR LGeLlanlCoY(8) 4EG.SG%4) GO TC 49

EVMIN{NG T ZAL

¢ TC &1

EFININS)I =0,

¢C T¢ 1

EVINING
ENAXIKS
CVINIAS

LIRECTICK CCSINES FOR RIGRT CTIRCULAR CCANE

R{KSI=ZLL
kRS 3
FLIRS) SCAY (=Y () ) #(2(2)=201))=(2(2)=2(2) ) (Y{)=Y (1))} /
(k(RS) 2R (RE))
FL2IRS)Z((ZUZI=Z(E) )4 IXT2)=X(1))=(X(2)~X(2))*#(Z(2}=2(1))}/
(RINS)*H(NS))

FLIMNS) S CIX () =X (2D e (Y(2) =Y (1) )=(Y(2)=Y(2))®(X(2)=X(1))}/
(KRS #H(NS))

Tre TEST FCR buLALITY PETWEEN NCMN=INTEGERS MAY NCT RE MEANINGFLL.
IFAX(U).EG.U) 6C TC 29
XIUZT OO =X U 2R LINS)H(Y (W)=Y L) I#F12(NS) +(2(8)=2(1))»

FLZInS)

IF(X184LTe04) GMAXINS)IZCU=CNAXING)
Fellhe) =X {a)=x{2))/1KL(NS)

FEe (NGIS Y (2) =Y i) ) /H(NS)
FE2INSIZ(20E)1=2(2)) /1cA1S)
FILULSI= (X {2)=X (1)) /F(NS)
FI2INSIZ(Y () =Y {1} }/-(NS)
FL2UE)THZ) =211 /F(NS)

¢C TC ¢¢

SLRFACE TYFE  ErSFHERE
wHITE (6020)
c¢C Te 100

SCS LLFINING FARAMETERS FCR SPRERE

ALRGIZL2

IF(LPU EGL0) GC TC 2
THE TEST FCR t6LALITY RETvCEMN NCAN=INTEGERS MAY NCT BE MEANINGFLL.
IF(LPY L GalaARL oY (4) eFGeGES.)} GC TC EX
CMAXINE)IZ2.#nSINILU/ (2,%L2) ) *RTCC

C Tu &
EMAKINS)Z260,

€C TC wu

GMAX{RE =X (4}

CChTINLE

1F(LPS.EGL0) CC TC Se
The TeST FCR LGUALITY RETWEEN RCA=INTEGERS MAY NCT BE NMEANINGFLL.
IFILFS b Cula AR Y(S) 4EGLSCS,) GC TC 7
EVMIN(LS)I=2.#4SIMILE/ (2, 2L 2} ) *RTCD

¢L TC e

eNMINIRNS) =0,

CC TC s@

EVININS)ZX(E)

CCNTINLE

IF(LFELEGLD) GC TC B9
Tre TeST FCR LGUALITY RETWEEN NCK-INTEGERS MAY ACT pE MEANINGFLL.
JFULFE b Galesil. GoYLE)dEGaCSS.) GC TC 61

BMAXIAS) =2, +ASIN(LE/(2.%.3) ) *RTCD

cC TU 62

BMAXINS) =180,

EVMAX(RS)=X(b)

GVMIN(NS)=ZO,

CIRLCTICN CCSINES FOR SPHERE

R{LS)=AINS)

FLLINSIZ (LY (3)=Y{1))#(2(2)-2(1)}=(2(3)=2L11 1 *(XY(2)=Y(1})}/
RNS)#%2

FL2UNS)IT (1202} =201 )4 (X(2)=X{1))=(X(3)=X{1))*(2(2)=2(1)})/
RILS) saz

FISINS) = ((X(2)=X (1)) #(Y(2)=Y{1))=(Y{3)=Y(1)) #{X(2)=X(1)))/
R{RS) e%2
Tt TEST FCR EGUALITY RETWFEN NCAN=INTEGERS MAY NCT EE MEANINGFLL.
IF(X{u)eG.0,) 6C TC 21

XEUS (X Cu) =X (1)) aFLLIASIH (Y (H) =Y (1) )#F12(NSI+(2(4)~2(1))*
F13(hS)

IF(XIU.LT404) GMAXINS)IZIR0.=GNAX{NS)

FZ2lihe X(3)=X{1})/K(NS)
Fez(ng Y(3)=Y(1))I/RINS)
Feline 2(2)=Z(1)}/RINS)

PELINS)IZ(X(2)=XL1) ) /RINS)
PI2INSIT(Y()=Y(1})/K(NS)
FI3INS)I=(2(2)=2(1))/RINS)
IF(X(5) EG.U.) 6C TC 22
GC TO o5

SLRFACE TYFE  7+CIRCULAR FARABCLOID

WHITE(6+110)

6C T¢ 160
AINS)ZLTI%62/ (4oUD)
GC 7C 16

SURFACE TYPE 15,RECTANGULAR PRISM (6 CLCSEL SICES)

WRITE L€, 1200
GC TG 1066
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FIGURE 6 - EANCAL LISTING (CONTINUED)

SCS LLFINING PARAMETERS FCR € CLOSEC SICEC EOX

IF{LPS,EG.0) GC TC 83
Tre TEST FCR EGUALITY BETWEEN RCN-INTEGERS WAY NCT BE MEANINGFLL.
IF(LFSEGCe1.ANCY(5).EG.S99.) A(NS)IZX(S)

€C TG &€

AINS)IZAL

ENINING) =0,

BVAX (NS U

CMININS =0,

IF(LP4.EG.0) GMAX(NS)I=260.
LIF{LP4  NE.0) EMAXINS)IZL3
€C TC 15

SLRFACE TYPE 16,RECTANGLLAR PRISM (S CLCSEC SICES)
WhITE(€+130)
€C 10 100

CCVMELTE ELLER ANGLES IN DEGREFS

CCNTINLE
FSIZASIN(PLI(NS)I$RTCO
IF(PSTI.LT.0.) PSIZ2€E0.+PS]
SINFEIZSINIFSI/RTICC)
IF SIMFST = 1» whklTk CICGRCSTIC MESSAGE
THE TEST FCR EGUALITY RETWEEN NON=INTEGERS MAY NCT BE MEANINGFLL.
IF (ABS{SINFSI) +EG.1.) WRITE(6+180) ISFeISF

FFHIZATARZ(=F12(RS) rFL1(NS))4RTCC
1F(FHILLT.0.) PrRIZ3cUe+Pr1

CMEGAZATARN2{FZIINS) P FIZ(NS)I*RTCC
IF{CNMECALLTWUs) CNEGCASIBUL+UMEGA

FCRMAT(IS»SXp12¢EX¢ 12}
FCRMAT(T20El4.Br2E16.8)
FCRMAT(1r1¢' THE INFLT SLFFACE IS
FCRMAT(1R1e' ThE INFLT SLFFACE IS
FCIMAT(1tde ! THE INFLT SLRFACE IS TRIANGLE *)
FCHRNAT(1F1+¢* THE INFLT SLRFACE IS TRAFEZCIC®)

A HFECTANGLE'}

A
A
]

FCRVAT(1FLs" ThE INFLT SURFACE IS A RIGFT CIKCLLAR CYLINLER®)

a
A
A
A

CIsce)

FCRMAT(1F1e* THE INFLT SLRFACE IS HIGFT CIRCULAR CCNE')
FCHNAT (1+1s* THE INFLT SURFACE IS SFRERE®)
FCRMAT(1R1et THE INFLT SULPFACE IS CIRCULAR FARABCLCIC®)
FCHRVAT (110 THE INFLT SLKFACE TS € CLCSED SICED ECX')
FChMAT(1+10% THE INFLT SURFACE IS A S CLOSED SICEC BCX')
FCRMAT(!' PCINT o TXs " a0 slbXot Y1, 15X0020)
FCRNATIZXrI10ZX0F164E)
FURNMAT(* #x2T1E VIEw FACTCRI(S)
+CES 1F LISTEL ARE LNCCRRECT.
bCTe Yo/t o3k CEFINE SURFACE
oNCT FARALLEL 1C CCS Z=-AXIS ')
FCRNAT (14 s SEXe 'R (4)ZGANMALNMAX) Y)
FCRMAT (R4 90EX e ' X(E)ZHETA(MING )
FCRVAT(1F4»SEX» ' X(E)ZHETAINAXYY)
FCRMAT (14 SEXp ' X(S)ZALPrRAT)
FCRMAT(Ixr11e&Xs2(FLELB))
FORVMAT(IEeSXe12)

FRCVM SURFACE *+I2»* TC CTFER SLRFA
Yo/t #2THE EULER ANGLE SET IS INCCRK
1012, FCINTS SC THAT SCS X-AXIS IS

STORL FOR INTERSECTICN CETERNINATICN

CULATINLE
NSAVE (NS)SISF
SxlInS)=x ()

IFINSOKEIThS) 6C TC 2

INTLHSECTICH CETERMINATICA

CHECK FCR FIGLRE TYPES 1» 2 CR 3
EC 201 I=1+1TAS

IF(1AESCILKA(I) ) WLEL2) GO TC 302

GC IC 2

CHECK FOK TYFE 2 FIGURES

CC 23U I=1r11ANS
IF(IARS{ILK{I))NEL2) GO TC 303
CALCLLATE X€+Y6+2¢ FOR EACH CISC

Sx6(1)=SX1(1)+F11(I)*R(T)
SY6(1)ZSYLI{1}+PI2(1) #RLI)
€26 (11=SZILII+F13(1)*R (1)

CCNTIALE
SAVE SURFACE NUMKER (RS) OF PLANE FIGLRES IN THE SYSTEM

w=0

CC 204 I=1»1TAS
IFUJAESUILK(I}).LES3) GO TC 205
GCL 10 204

[ETASY

ISAVE(L)=T

CCATINLE

CC 317 K=leo

CC 217 I=1r4TAS
IF(1.EG<ISAVL(K)) GC YO 218
€C To 217




cnon

TRANSFCRVATICN OF CCORCINATES

LC 219 L=1s1TNS

IF(LEG.I) GC TO 219

XCIFSRX(I)=kX (L}

YCIFZRY(I)=HY(L)

ZLIFSRZAI)=R2 (L)
XL{II=XDIF#FL1CL)+YLIF*P12(L}42DIFsP12(1)
YLOIISXDIF*#F2 (L) ¢ YLIF*P22 (L) +2CIF*F23 (L)
Z1(I)=XCIF*F31(L)+YLIF#P22 (L) +2CIF#F23(L)
IF(TARS(ILK(]I) ) 4EG.2) GO TC 320

XCIF=SXZ (1) =kx{L)

YelD)=kY (L)

22(1}Y=h2 (L)
XZCI)I=XLIF#F11(L)4YLIF*P1Z(L}+2ZDIF*P12(L)
Y2UI)=XUIF*FL1{L)+YCIF#P22 (L)+2ZCIF*F22 (L)
Z2{I)=XCIF*E31(LI4YLIF*P22(L)+2DIF*P33(L)
IF{IARSLILK(1)).EGe1) GC TC 321

XCIF=SX3 (1) =kXx (L)

YCOIF=SY3(1)=hY(L)

2LIF=S23(1)=k2(L)
X2LI)=XCIF*F11(L)+YCIF#P12(L)+ZCIF$F13(L)
YE(L)SXCIF#P21 (L) +YLIF*P22 (L) 42DIF*P23(L)
Z2(I)=XDIF*F2LILY+YLIF*P22(L)+2NIF*F33(L)
IF(IAASUILKIL))WEG.3) 60 TC 323
IFCIARS(ILK(1)).MEW1) GC TC 222

XCIF=SX4 (1) =hX{L)

YLIFZSY4 (1) =kY{L)

ZCIF=S264 (1) =H2Z L)

X4 (II=XCIF*FILIL) $YCIF#P12(L)+Z0IFsFL12(L)
YULIIZXLIF#FL(L)+YCIF*P22{L)42CIF*#P23(L}
ZH(II=XLIF#FA1(L)+YLIF*F22 (L} +2CIF#P32 (L)
IF(IARS(ILK(I)) EGe1) GO 1C 323

XCIF=Sx6 (1) =X (L)
YCIFSSYE(IY=hY(L]}
2LIF=S2e(l)=hZ{L)
XE(1)=XLIF*F11(L)+YUIF*P12(L)+2CIF*P12(L)
YELII=XUIF*Hel (LY4YCIF*PZ2(L)+2CIF*#P22(L)
ZE(II=XLIFAHZLILI+YLIF*P22(L)+ZCIFsF22(L)

CCNFLTE CETEKMINANTS ToACeRC+CC ANC
CALCLLATE INTERCELFTS AlspIoCl

CCATINLE
IF(IADSCILK(I}}4EG.1) GC TC
IFCIARSCILKEE) ) eEGec) 608 TC
GC YC e

i
"R
wE

x2{I)=xu ()
Y2(Ilzvu(1)
23(11=26(1)
6C TU e

Xe{I)=xel(l)
YZ(1)zye(l)
2z2(1=2e(1)

Lilecrzyain)
Clle=22(D)

C(2e2)=222(1)
. }=R2(I)

Cl3e2)=

4341

CCMPLYE CETERNINARTS

CALL GUh(Cr»3r3e3s20323410.CrV)
GC TO 343

TrRE CETERNINANT IS ZERGC (D)

CETV=Q.
GC TO &01

CCATINLE

CETAZEXP(V(2))
CETVNZSIGNICETALVI1))
IF{14E=5.GT,AES(CETV) ) DETMZO.

vin=2,
ACUir1}=

AC{1s2)=1.
AL(2r1)=Y2(1)

AC(3s2)=
AL{3,2)=
CALL GoR(AT»3+3,3¢2+3348,0CeV)
GC To e

CETEKMINANT AC IS ZERO

CETMZ2=0.

GC TO 3ee

CET2AZEXF (VL))

CETMZISIGN (LeT2ArV (1))
IF(14E=5.6T.hBS(LETVZ)) CETM220.

vily=2,
eC(101)221¢(1)
BL{Le2
BC(1.2
8C(2e1
EC(2e2
EC(ge2
BEC(2e1
BC(2r2)=
EC(3r2)21,

CALL GUR(BD»3r3¢3r208346¢JCoV)
GC TO 349

CETV3=C.

GC TC 4cz
CETIAZEXP(V(2))
CETVM3=STIGN(CET3A VL))

[ 402
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ey
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€96 C
Tuus C
*DLAGNCSTICH
7uls
702+
Tuls
70us 267
7054
e 2ed
707
Tuks 3e%
70Ss
710 I
711
T1ex e
713
Tluxs 503
715
Tles 273
717+
Tles 274
716
720 3715
721
il 27¢
722
Tk 217
725
T2es [
727+ C
rdy [
C

7c5% C
*CIAGKCSTICS

IF(1.E=S.GT+ABS(CETVN2)) CETV3=0,

vili=2,
CCE1rL)EX1()

CL(3e2)210
CALL GuRI(CCr3r3039322347,0CoV)
GC TC 35%¢

CETMU4=G.

€C TC t5€7

CET4AzZEXFIVIZ))
CETMUZSICGN(LETHA, VL))
IF(1+E-S.BT AGS(CETNMEY) [LFTVMUZ0,

CNE INTERCEP1 IS FINITE, D IS NCT ZERC

LLKZJARSEILK(L))

THE TEST FCR EGUALLITY HETKEEN NCA=INTEGERS MAY NCT HE MEANINGFULL.
IF(CETN eNEoU s« ANCoDETN2eAE 404 e ANDCETH#34EG.Ds s ANCSCETNYLECL0.) GC
TC 282
€C TC 3t

x INTERCEFT IS FIMNITE

AISCETVM/CETME
IF(LLKLLE.Z) GO TC 2&2
IF(LLKWEGo4sCRILLK.EGLE) GC TC 291
IF(LLK.EGeSeLrsLLKLEG.T) GC TC 282

IF(LLK EGe 15 CRWLLKEG.1E)} GC TC 393

€C TG 2051

IFLACL) «CT AL SLADD)) €0 TC 1000

€C T1¢ zGE1

IF(RIL) «GTL.AES(A1)) GC TC 1000

¢C TC 2utl

IF (EWAXIL) s GToALANL AT GT.0e) GC TC 3000
GC TC 2CS1

IF(LLK.EGs1) GC TC 2€3
IF(LLK.LGe2) GC TC 264
IF(LLK.ELS2) EC TC 2eS

IF(GNAXIL) 20T eATo AL AT 0T.04) CC TC 1000
€C TC z0E1

IF(BVAXIL) LGTLABS(ALY) GC TC 1000

GC Ty z0t1

TRANSFCRM TRIANGLE/TRAPEZ2OIL CCCRDINATES CF THE
INTEWSECTEDL FIGUKE

XLIF=eX2 (L) =px (L)
Ye{L)=RrY(L)
z{L}=hZ(L)
SXZ{LITXLIF# 11(LI+YLIF#F12(L)+2CIFsF13(L)

XCIF=SX3I{L) =KX (L)
Y3(L)=YL{L)
Z3L Y=kl L)
SXE(LIZXLIF o+ 11(LI4YLIFeF1Z(L)+2CIF#F13(L)

XCIFZSX4 (L)=kX(L)
C Yalli=pY (L)
2C1 2u L) =2 (L)
SXU(LIZXCIF#F1L{L)+YCIF*-12(L)+20IF«F13(L}

XLIF=EXS{LY=kX (L}
YELL)=RY(L)
Z25(LY=hZ L)
SXS{LIZXCIF#F11(LY+YLIF*F12(L)+ZCIF*F13(L)

THE TEST FOR EGUALITY RETWEEN NCA=INTEGERS ¥AY NCT BE WNEANINGFLL.
TFUSXU(L) sEGeOo s ANCHSYU{L) sEGo 0+ ANC.SZ4{L),EG.D.) GO TO 503
IF(SRG(L) «GTa04 4 ANCLSXSIL)L6T40) GC TC 367

GC 16 26k

IF(SK2 (L) «GT AT ANDATLGTLSX4(L)) GC TC 1000
c¢C T0 zuS1

TF(SXU{L)}eLT.04sANCSXE(L)GT404) €C TC 269
cC Te 271

IF(SX2(L).GT.AI.ANC.AT.GT.SX3(L}) GC TC 1000
¢C TC 2051

IF{SA4 (L) +LTo0es ANC2SX5(L).LT40.) GC TC 372
€C TO 2651

IF(SX5(L)+GToAT.ANC.AT.GT.SX2I(L)) GO TC 1000
GC 7O 2051

IF(SX2(L) +GT 404 s ANDSSX3(L)6Te0.) GC TO 373
€L TC 374

IF(SX2(L) +GT.AI.ANC.AT«GT.0.} GO TC 1000

GC TO 2051

IF(SX2{L)+GT,Us s ANDWSXI(L)W4LT40.) GC TC 375
eC Tu 276

IF(SX2{L)«GT AT ANCALLBT,5X3(L}) GC TO 1000
¢C TC 20651

IF(SX2{L) oLTe0a e ANC+SX2(L) el T0.) GC TC 377
GC TC z051

IF(ALWLT.0.eAND.AT«6T.SXZ(L)) GO TC 1NOO

€C TC 2051

Y ILTERCEFT 1S FIMITEs O IS NCT ZERO

TrE TEST FCR EGUALITY BETwWEEN NCA=IANTEGERS MAY NOT BE MEANINGFLL.

T3us 35 IF(CETNeNE«Ue s ANCSCETN24EC o0+ s ANDeCETVIGNE Qe s ANLCETVMUWEG0.) 6C
731+ « TC 2u2

Il cC T0 266

732 3ed EISCETN/LETNVS

734 IF(LLK.LE.2) GC TC IS4

Tits IF(LLK.EG.4+CR.LLKJEG.6) €C TC 38§

130 IF (LLKJEG+SeURLLKEG?) €C TC 356

7378 IFLLLK.EG»15.CR.LLK.EGs1&} GC TC 397

T3ts 265 IFLAIL) 6T ALS(EI)) GC TC 1000

736 GC T0 20l

740 366 IF{RILY 6T ALS(BI)) €0 TC 1000

T4is GC T0 2051

Thes 357 IF(BMAXIL) 4GT+BI.ANL+BI+GTo0.) GC TQ 1000
Tuls GC T¢ 2051

Tuys 294 IF(LLK.EGs1) €0 TC 398

45 IF{LLK.EG+2) GO TC 259

T4€s IF(LLK.EG.2) GO TC 401

FIGURE 6 - EANCAL LISTING (CONTINUED)
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LT 427
B85S+

35¢# 422
8L7»

dots

80G*

360 C
8blx 420
86z

gedn

26u* C
Gulx 421
dot*

C
C

Xal

[sXsKsXal

laXsXa}

IF(BVMAX(L)} 46T B81+ANC.BL.¢T40s) 6C TO 1000

GC TG 20651

IF(BVAX(L)Y 46T ABRS(RI}) GC TO 1000

GC TC 2081

IF{BNAX(L) s6ToRICANC.BLGT.ENINIL)) GO TO 1000
6C 1C 2051

Z TNIERCEFT IS FINITE» C 1S NOT ZERO

Tt TEST FCR LGUALITY oETWEEN NCAN-INTEGERS MAY NCT BE MEANINGFLL.

IF(CETN WNE oV e s ANL s CETN2,8 6 aDo e ANDSCETVNI4EG Do  ANL+CETNY(NEL D4} GC

TC Zuu
CC TC EO04
CI=CETM/CETVY
IF{LLK,Eued) CC TC €01
IF(LLK.EG.S) GC TC eul
IF(LLKEGe7) 60 1C €01
IFULLK EGW15,CR.ELKWEGL1E) 60 TC €02
IF(LLK,tGe8) GC TC 2&A
€C TC 2051
IF(BMAX(L) suToCI.ANC.CI.GT.0s} GC TO 1000
GC T( 2081
IFCACL) «GToCIWANL.CIoGT40.) GG TO 1000
GC T¢ 2081
IF(ALL)«+GTL,ALS(CI)) GO TC 1000
¢t 10 20t1
AC 1S NOT EsLAL TC ZERG» ALL 0THERS ARE 2ERC

Tre TEST FCR EGLALITY RETWEEN NCA=INTECERS MAY NCT RE MEANINGFLL.
IF(CETV cEQeUL e ANLoTETWI4ER e« ANCSCETVULEG.ULY GC TC 505

GC Ty S0e

IF(LLKLEG.1) GG TC 2051

IF(LLK EGs1L,CR.LLKJEGL1€E) ¢C TC 2051

IF(LLKJNEW2) GC TC 1000

TRANSFCRM Xz AND X2 CCCRDINATES OF
INTEHSECTET TRIANCLE/TRAPEZCID

XCIF=Sxz (L) =kX{L)
YLIF=SYZ (L) =hY (L}
2CIF=%22(L)=hz (L)
SX2(LI=RLIF*F11(L) +YLIF*F 12(L)+ZCIF#F12(L)

XLIF=SX2 (L) =nx (L)

YCIF=SY3LL)}=~RY(L)

ZLIF=SZ3 (L) =K (L)
SXI(LIZXLIF#r11(L)4YLIF#E12(L)+2CIF*F13(L)
IF(SX2(L) +GTe0ee ANC.SXZ(L)WLT.04) GC TC 1000
GC Ty 2051

EC 1S NCT EGLAL TC ZERCe ALL ¢THERS ARE 2ERC

Tre TEST FCR EGLALITY PETwWEEN ACAN=INTEGERS MAY KRCT ©E MEANINGFLLS
IF(CETMeEGeUs e ANCSCETH2¢£G o000« ANCSCETVMEEG.D.) GC TC 507

6C TC SOe

IF(LLK.EGe1) GC TC 2081

IF(LLK.EGeZ) €O TC 2081

IF(LLK«£Gs15.CR.LLK.EG.1e) GC TC 2081

GC T 1000

CC IS NCY EGLAL TC ZERCe ALL OTHERS ARE ZERC

THE TEST FCR LGUALLTY QETWEEN ACA=IATEGERS WAY NCT BE WEANINGFLL.
IF(CETM eECaUV s ARCCETH24E 6o Ue v ANCSLETVILEG.0L) GC IC 509

6C 1C 403

IF(LLK+EGe6) GC TC 1000

GC TC zus1

1wC INTERCEFTS AKE FINITE
CETeFMINE IF AD=0. ANC C=0.

TFE TeST FCR LGUALITY HETWEEN NCA=-INTEGERS WAY ACT BE WEANINGFLL.
IF(CETN o£GeUe e ANLOCETV24Ce04) GC TC 422

GC TQ uzs

IFLLKWEGol.CKeLLK4ELG3) GC TC 2058

IF(LLK.EGL2) GC TC Lung

IF(LLK.EGW4) ¢C TC 1000

IF(LLKWEG.E) GC TC 1L0OQ

IF{LLKWEG.7) GO TC 1000

IF(LLKJEG.E) GO TC 424

IFILLKGEG.1S,CRLLK.ERL1€) GC TC 425

ATNYGZEATANCABS (YT (I) ) ZARS{ZY(I)))
IF(ATAYCZLLTLA(L)Y GC TO 1000

€C TC 2081

IF(Y1(1)4GT.04.ANCa22 (I}, ET.0.) GO TC 1000
IFCYLCI) aLTo0e o ANCGZ1(T),LTL0.) GO TC 1000
GC TG 2051

CETeRVINE IF C ANC BD ARE ZERC

THE TEST FGR EGUALITY RBETWEEN NCN=INTEGERS MAY NOT EE MEANINGFLL.
IF(CETVaEGaUW o ANCWCETN24EG.0e) GC TC 426
GC TO 427

IF(LLKWEG.1) ¢C TC &B51
IF(LLKWEG.2) GC TC €05
IF(LLKWEGs2) GC TC 1600
IF(LLK+EG44) GC TC 100
IF(LLK«EG.€) G TC 1000
IFILLKEG.7) €0 TC 1u0D
IF(LLK.EGLS) GC TC 42p
IF(LLKWEGL15.CR.LLK.EG.1€6) GO TC 429

ATRXCZZATANCAES(X1(I)}/ARS(ZI(IN))
IF(ALL) «GTLATNXCZ) GC TO 1000

GC TC 2051
IF(X1(I}.6T+0ssANC2L
IF(X1(I)aLT.0.eANCoZ)
CC Y0 zusy

(1
(1

CETERVINE IF C AND CC ARE ZERC

TEE TEST FCR EGUALITY RETWEEN RCN-INTEGERS MAY NCT BE MEANINGFLL.
TFALETN JEG U4 o ANCoCETNULEGL0.) GO TC 832

GC Tu 423

IF(LLK.EG.1) ¢C TC 430

IF(LLKJEG.1S.CRILLK.EG.1€) GO TO 499

IF(LLK,EG.3) 6C TC 430

GC TO 1000

IFUX10I) o6TeUe o ANC.YL(I) ,GT,04) GO TC 431
TF(X101) olTaUe o ANCYL(I) (LT 0e) GC TC 431
GC TG 4%

TR2TANZATANZ (ABS (X1(1)) e APS(Y1(I}))
IF(GVNIN(L) LT, TRZTANCAND, TR2TAN.LTLGVAX(L)) €C TC 1000
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GC TG 2081

IF(X1(124GT.0..ANCeYI{I),CT.0.} GO TC 1000
IFEX1(1) oL T40.4ANCL YT, LT.0.) €C TC 1000
6C T1C 2051

THTANZATARZ(-ABS(X1{1)) e ARSL{Y2(1)))
IF(GMIN(L) LT TRTANARDTPTANLT GVMAX(L)} GO TO 1000
GC TQ 2051

1F AL IS 2ERC» CALCULATE BI ANC CI

THE TEST #CR LGUALITY RETWEEMN NCA=INTEGERS MAY NCT RE MEANINGFLL.
IF(CETV2.EG.04) GC TC 40y

IF cL IS ZERCe CALCULATE AI ANC CI

THE TeST FCR LGUALITY BETWEEN NON-IATEGERS MAY NCT BE MEAMINGFLL.
IF(CETVM3.EG.Us) GC TC 408

1F CL IS ZERC» CALCULATE AT ANC PI

THE TeST FCR teLALLITY RETWEEN ACA=INTEGERS MAY KCY BE VEANINGFLL.
IF(CETMULEG.Ue) GC TC u0e

IF ALL INTERCEPTS ARE FINITE, CALCULATE
AletIsCI

AL=CETM/LETN:
BISCETN/LETVS
CI=CLTM/LETNY
GC TC tuu

C1=CETM/CETV2
CI=CETM/CETHMY

CC T, uu?
A1=LETM/LETHZ
Cl=CeIM/LETHG

cC T¢ 412
Al=UETM/LETiE
BIZLETN/LETMZ

CC TL uel

IFILLKLES2) ¢C TC IS4
IF{LLiebE6a34) GC TC HlA
IF(LLK.LGWS) C TC uU9
IF(LLKEG &) ¢C TC 41y
IF(LLKeEGa7) (G TC 408
IF{LiKebuel liRaliKethale) GG TC 412

ACVEL=A(L) /aps(al)

CACVNZCL#ACVE IV

IF{CACVN.GTaues ANCLCACVN,LLT BVMAXI(L)Y) ~C TO 1000
cL Ty 2081

EIPRCZARSIRI)* (1o~BMAXIL)/CT)

JFIRIL) T 1FRC) GC TC 100U

CC T¢ 2081

SFFROZAES (18 CT) /SORT(RI#42+4CI*%2)
IFCAGLY«ETLSHFRC)Y GC TC 1000

GC 1C¢ zO0%)

IF(eMaX (L) T8l .ANC.TeCTa0.) GC TC 10UO
IFGAGL) WET.CL.AND.CI.GT.,) GC TC 1000
FRSVEZHTI#(1e=a(L)/C1)

IF (EMAX (L) 4 GT . PRSVPLALE . FRSMP,GTL0.) GC TC 1000
€C 1¢ 2uel

IF(LLKsLES3) GC TC 2&2
IF{LLK.EG.8) GC TC ule
IF(LLK+EGE) ¢C TC 417
IF(LLK.EG.E) GO TC uls
IF(LLKEG.7) ¢C TC 417
IF (LLK.EGs15,CR.LLK.ERL1€) GC TC 420

CYLFHZCI* (1.=A(L)Y /NS (AT

IF(EMAXA(L) sGToCYLFR4ANC.CYLFR.GT.0.) 6CG TC 1000
GC 1¢ 2051

CAFRZ2zAESTALY# (L.=RMAX(L)/CI)

IF(R(L)+GT.CHhFR2) GC TC 1000

€C T¢ 2051

SPHFRZARSIAIACI)/SCRT{AT##2+CI*»2)

IF(ALL) +CTWSPFFR) GC TC 1000

€L TC 2051

IFCEVMAXIL) «GTeATJANL.ATCTWG.) GC TC 1000
IFCA(L) +6TeCLleANCCI.To0e) GC TC 1000
FRSME2SATS (L1, «A(L)/CT)
IF(GNAX(L) +CT1 PRSMF2.ANC.FRSVF2.6T.0.) 6O TO 1000
€C 1¢ zGel

IF(LLKW.LE 2} O TC SCO
IF(LLKJEGe15.CR.LLK«EGs1le) GO TO 4112
IF(LLKEGe4) GC TC 435
IF(LLK.EG.E) GO TC 42%
IF(LLK.EG5) GC TC 426
IF(LLKEG«7) €C TC 436

ALESADPS(AI#E1) /SCRTIAT*e 4B 1#%2)

IFCALL) «GTenLk) GC TC 1000

GC Tu 2Cb1
AFE=ARS(AT#GI)/SCGRTIATS#24E]*%2)

IF(RIL) «CT.AREY €C TC 1000

GC T¢ 2otl

IF(GMAX (L) s 6ToAT AN ATLGTA0.) GC TC 1000
IF(EMAXIL) «CToBIANCPTLCT40.) GC TC 1000
CC TC uls

CCNSILER CTFER FIGLRES IN THE SYSTEWM

CCATINLE
GC TCI2LEr3uTe308¢205,210021102120202020202+202+3139313)¢LLK

SLRFACE TYPE 1» KFCTANGLE

IF(AT.GT40.enhD AT LTLGMAX(LY) GC YC 1000
IF(BI.GT.UssANCLETCLT.BVMAX(L)) €C TC 1000
RECFrztI#(1.=GVAX{L)/AT)

IF (BMAXIL) 6T WRECFR.ANC«RFCFR.CT40.) 6C TO 1000
€C Tg 2ub1

SLRFACE TYPE 2» CISC
AESAES(AIPBI) /SGRT (Alse24pTn4g)
IF(EMAX (L) GaT.AB) GC TQ 10600
€C TC 2051

SURFACE TYPE 3» TRIANGLE/TRAPEZCID



EETE
951
GG
GG2»
Qubs
ELLEY
EET-1d
G497
SGE
955
10006+
100is
1002
PRVATAE)
1004+
1ouss
lo0es
1067+
10ues
100%%
1010
1011«
1012+
1012
1014+
101¢#
1016»
1017»
101&»
1016%
ldeus
luel»
luces
1uels
i0cus
pRUFEAY
luces
1027+
luces
106
10309
1031+
103z
lu3es
1034s
1y3Se
103¢cs
10274
103Ew
1056
losux
1041+
10424
1042
1044+
10uts
lo4es
1047
1usgs
104G
1050
1051
105w
1053»
1054
1055s
LOLEs
1057+
1ubEs
105G
106us
1oe6ls
lubes
10e3#
lloys
1UeS»
106t»
1007
106ks
106G+
107us
1071s
1072#
1072
1074+
1075»
1076s
1077»
107&s
1076
1080+
10bis
10k2s
10b3»
1ubys
10&bs
lobes
1087+
10884
1085+
1080+
10cis
luses
10623+
1U%4»
1085
109€#
1067»
1058+
1095
116U+
1101s
1102+
1102

aono

Ia¥alsl

<
2u51

on

ao

2us2

2uso

AECVXZ (AISRI)/(BI#TAN(GMAX{L)/RTCO)+AT)

ARECVAZ (A1331) /7 (BI*TANIGVNIN(L}/RICCI4AT)

IFAEVAXIL) (GTLABCVX.AMDCAHCVXL.GTLAVIN(LY) GO TO 1000
IF(eVAXUL) «GTAPCVN ARG AECVN.GT.BVIN(L)) GO TO 1000
6C Te 2051

SULRFACE TYFE us CYLINCER

IFICILCTe04) €0 TC 441

ve RTUAI#32+4B432) /ARS(AI*3])
CYLD=1./VC

TF(R(LI«GTLLYLD) €0 TO 1000

€C To 2051

SULRFACE TYPE S» CCAE

IF{CI.€T.0.) GC TC 441

VCTSURT(AL##24B1#%2) /ARS(AT*RI)
CIRVHZ14/ (1o /CTH+(RIL)#VC) /(L))
IF(CIRVF«GTols o ANCLCIRVHLLT, (L)) GC TC 1000
CC T0 &C51

SLRFACE TYFL 6¢ SFPHERE

LSGRESGRT ((AI*BI)*#24 (AISCL)#224 (BI#CI)#52)
SEFRU=AES(AT*HI#C1)/LSGR

IFCACL) +GTL.SHFRC) GC TC 1000

GC Ty €051

SULRFACE TYFE 7» FARARCLCID

IF(C1.6T.0.) GC TC 443

VLSSGRTIAI*$24pI#22) /ABS(ALISEI)

XECHVS (4o %HIL) )/ (ARSICII#R{L) #924VCe3s2)
IF(XHCRV.GTe14) GC TC 2081
SHEVCRE12=SukT (1ot (4onbF{L) }/(CI#R(LI#24VCH%2) )
FARNF ~CISVCHRIL)##2)/(2.%R (L))
FARWh=FARNF*SRHVCR

IF (FARBE.GT oUW o ANCoFPARKHLLTLRIL)) €C TC 1000

CC T¢ 2051

VCZSGRT(AIS#Z4CI422) /aBS(AI*B])
FRVIH(L)/ (1amRIL)*VC)
IF(CI.L1.04.ANC.CLILGT L HRY) GO TC 1000
6C T¢ 2051

SURFACE TYFES 15 ARD 1€+ RECTANGULAR FRISM

IF(ALLET404aANDET4CGT40¢.ANDLCILGT.0.) GO TO 338
IF(AL LT 0eehNDBIoLT.00ANG.CIWLTW0.) GO TC 2051
1IFCALI G o0 ANDTaGTo04oANLGCTILLTL0.) GO TC 23S
IF (AL LT 4040 ANDSETWLT.00 ARCCILGTL0.) GO TO 3326
IF(AT.6T,0,.AND.BI.LT.0s) GO TC 232
IF(ALLLT.000AND.BI6T40,) GC TC 332

ZISCI#(1e=GNMAXIL)/AL-pMIM (L) /BT)
IF(Z1.GT+04sANCLZT.LT L ALL)) GC TC 1000
€C TC 2051

IF (GVAX (LY GT.AT) GC TC 1000

GC 1¢ 2051

IF(BvAX{L).6T.BI) €C TO 1000
CP={AISENMAXIL)+RIGNAXIL) Y /SGRT(AI##2+R1542)
CRC(AI*EI)/SCRT(AI+#2+4B1#32)
IFALPLETLCPC) GG TC 1000

€C TC 2081

IF(CI.LT.A(L)) GC TC 1000

€C T¢ c0%1

CC 895§ Lk=1+ITNS

IFCISV.EG.LH) ISVIZNSAVE(LR)
IFALSV.EGsL) LSVIZNSAVE(LF)
WRITE(£9340) ISV1eLSV1erISV1eLSVIPISVY

1104%
11lubs
110€#
1107+
11UEx
11058
11102
1111s
1112e
1112
1114s
1115
111€*
1117#
111
1116»
l1cue
llels
1122+
1122+
114
1125
11zes
11c7»
llces
1126#
1135us
1131«
113z»
11329
1134
1135+
113€#
1137
11zés
1135
1140
11uls
114cs
11uls
1i6us
114E
1luer
11474
lites
1iube
1150Ge
1151
115+
1152+
1154
115Es
1ibe#
1157
1156#
115G»
1le0s
1161s
1162+
1ilels
11C4 s
11eE»
llees
llo7s
116k
1165
1170
1171
1172+
1172
1174
1175
117c»
1177+
117&»
1176+

FCHRNAT(//' Wik THE PLANE CF SURFACE *'+12¢% INTERSECTS SURFACE '12¢
e'ets/9? RREANCTHER VIEW FACTCR FRCN SURFACE *»I2¢' TC SLRFACE 1,12
e#?' MAY BE CHTAINELC &Y USING THE OTHER VALUE CF ILK WITH SURFACE *»

WIZevety)

GC Yo 20%0

1SVl

LSv=L

CC 2082 Lk=1,ITNS
IF(ISV.EGelh) ISVIZNSAVE(LK)
IF(LSVLEGWLk) LSVIZRSAVE(LF)

x1I=sx1(1)
xelssxz(n)
Yilzsyiln)
Ya2i=syztl)
211=5211(1)
221=s2z2(1)
X1L=Sx14L)
xelzsx2(L)
YiLzsyi (L)
YaL=sy2(L)
Z1Lzs214L)
z2at=s2z(L)
X21=X11)%{x2L=-X1L)
Y2l-Y1lys(v2L=viL)

GRT((Xc1=X1T)##24(Y2T=Y11)##24(221-211)%%2)
SRLISGRT({X2L=X1L)##2+(Y2L=-YIL)#324(Z2L~Z1L)#*2)
XLEN=SKI#SRL

XFRCT=XNLNM/XCEN

IF=2*1TNG-2
1151142

205%

oo

26U

Z0u1

2054
c

200,

C
[
C

C
C

2Lyl

2004

Zues

219

217
c

H

e

ITI=11+1
ILSAVIIT) =TSV
ILSAV(II1)=LsVL

CC 2uS4 IR=1,1I,2
IFCILSAVIIR) ,EG.ILSAV(IIT))} GC TC 319
CCATINGE

IF (ILK(I) vEG.€«CRLJILKI(L) LEG.6) GC TO 219
IFCILK(1)sLE .2+ ANCoILK(L) JLEL2) €O TC 1500
IF(ILK(I) eLi 3. 0K ILA{L) JLEL3} GO TC 1502

THETAZACCS (XFRCT)#RICC

IFCILK(I) «GEL15.ANC.ILK(L).GE+15) GC TC 1501

IFCILK(I) eEG 4 eCReILAIT) (EGe5+CR,ILK(T).EQG.7) GC TC 1506
IFAILKIL) EGe8sOR ILKIL) JFGo5«CR.ILKIL) 4EG.7) &C TC 1510
TFETA=ACCS (UL TNU/SCRT(CETV2#2240ETVI# 4 24CETMU#22) ) sRTCD
WRITE(€r2000) ISV1eLSVIPTHETA

6C T0 219

IF(ILK(I) oLt 3) GC TC 1502

IFCILK(L)sLE.2) €C TC 150%

IF{ILK(L) eEG.4+0ReILK(L) EG.S+CRJILK(L)LEG.7) GC TC 1504
IFUILK(L) «GE,15) EC TC 1506

IF(ILK(I) eEG leOKILK(T) sEGCaS«ORILK{I}+EG.7) GC TC 1504
IF(ILK(I)«GEL.15) €C TC 1EDE
THETASACCSILLTVU/SGRT(DETH23224CETMI*224DETVU%%2) ) #RTCC
IFCILK(L) «LE,2) GC TC 1507

WRITE(€£02001) ISV1/LSVIPTHETA

¢C Tu 219

WRITE(€02001) LSVIFISVIPTHETA

¢C TC 21¢
THETASACCSICETNU/SGRT(CETN28224DETNI# 424 DETU*%2) ) *RTCC
IFCILK(L) oLE«2) €C TC 1508

WhITE(6,2002) ISVIPLSVINTHETA

cC T¢ 218

WRITE(£+200e) LEVIPISVIPTHETA

GC TO 21¢

WhITE(£22002) ISVIPLSVIWTHETA

GC TG 1%

IFCILKAL) eEG.4eCReILKIL) GEGaSeCRLILK(L)4EG.T7) GC TC 1511
IFCILK(L) «GE,18) GC TC 1212

IFCILK(I) «GEL1S) GC TC 1512

WHITE(€r2004) ISVIFLEVIPTHETA

6C Tu 216

AR1TELEr2000) ISV1PLSVIPTHETA

¢C TU 219

WHITE(£r2005) LSV1oISVIPTHETA

FCRVAT(//% #+#THE ANGLE LFTWEEN TRE ACTIVE FACES OF THE PLANES CF
o FIGURES *eT&s® ANC '+120% IS *1FE42+" CEG.FOK +ILK VALLES.')

FCKRMAT(//% s++THE ANGLE vETWEEN THE ACTIVE FACE CF THE PLANE CF F
VIGLRE 4124t FCR +ILK AND Tht AXIS CF FIGURE 'e12s% IS *4F€.2s' CE
6o )

FCRVAT(//% *##THE ANGLE LETWEEN THE ACTIVE FACE CF THE FLANE CF F
JIGLKE #1012+ FCR +ILK AND THE ECGE CF PRISVM 1+12s' CEFINEG BY PFOIN
JTS P1 ANL FS IS *9FE.Ze? [EGH')

FCRVAT(//% #33ThE ARGLE FETWEEN THE ERGES CF PRISVM *212+¢ AND *¢12
Jert WhICk AR: LEFINEL HY TRETR RESFECTIVE PCINTS F1 ANC P2 1S */F6
veZr? DEG.?)

FCRNAT(//7 ##2THE ANGLE EETWEEN THE AXES CF FIGURES *#120+% ANC oI
WIZr% IS V4F@eze? CEG.')

FCRNAT(//7 +3¢THE ANGLE LETWEEN THE AXIS OF FIGURE *+I2¢t AND THE
LECGE GF FRISV '#I29% LEFINEC RY PCINTS F1 AND P2 IS *eF6e2+? CEGe')

o)

CCNTINLE

CCNTIRLE

RETLKAN
EnL

FIGURE 6 - EANCAL LISTING (CONTINUED}



